Heidelberg University Hospital

Hospital
Bergstrafde

K

mechanical ventilation
in patients with sepsis

Armin Kalenka, MD, Ph.D.
head of anaesthesia/intensive care med




Heidelberg University Hospital

Hospital
Bergstrafie

S - - T 7 I , 7
; o 7 } t e Bad Homburg ! I iz 2
oppard Ry e e L e ] == Bad|Orb
Hﬂlﬁﬂlb'ﬂfg Mt gy 1 vorder.Hohe CelnRalSen .
Y : | 5, ¢ : J ! LEINNausen \
\ L o = L'1n"-'=r--“+=ll'.|" d ;

_-‘_":':T | i, | AL = R ESh =L e L, s e

-'/‘?I Lol e F T T, i

3

/i e 1 - T . 2 » : | (
733 2 7 d a_.f ) i Frankfurt o, hna';'\ - AT e Hammelburg

e <\ N \ M |' % '3[‘!1 ME!IH .C,_ 1 | ; . ¢ e o, 2
Y EE T . E

P | Wmabadcn 1 5

N Eivile S
6

i s 1
_ | g o am Fflu_ ; :M__
ok @) tog L |"Igt'.|'|F'.|'|'| Ma| Nz s

7 4 .

:: | Ak e iy 1

) = lx\ - Gemiindan

e L3 h Y % -~ " |
» ‘f/ ¥ i _,-‘—‘ﬂ-ﬁﬁ-I 3 :'-.I". Ao '\.\, - i -"'\ .'\u-"'f ! 11 o’
o L A ) S oo e,
Bingen= T T e e A rlmf‘mh.uq : =, Y€ Arnsteins
am Rhein - o1 L : Karlstadtd I

am Fcnf--r ; : o / : . h o
; : ' \ .~ f e \ S
el | £ B4 ae '-

drr e | ¥ TR R § ] = = f e i, e LTh T ]
l:ft.:' e e v 1 ) :' i ) e Ji0bernburg M"-”I'!,T"q_"EJ'F!d ‘\. g

i =3 = o Jis. ¥
: ! === r I, e o T L i 2 3 s A .I'-Il.
g & %-'"'--L_!i":: |'r ,|' b "-...'I I'. o s If = .l'-i e F £~ =t e ! __.-'T'l."';IILIFZbLIFﬁ
Heidelberg Sobemheim ) ¥ | =10 : Klingenberg YELENE A 2?22 NS A
: ] Fiv ! ; I" .‘_. - 3 i . L
Teils bewdlkt - 7 °C Routenplaner; | —T 63 O\ | i | . \ > 2 AT
1 Meisenheim § | i T | oo i | LRy, L | =

09:37 B bl jl e r-ﬁ'l!iermE'f_l i L o |

£ 3 - oy c
e e B Kirchheimbolanden B i th ) H: p":-t‘ﬂhFlf'l‘l 4

_-?':1 | S 23] W -__,— |'L et I e x ik i
St . =V OTMSEg IFJF'”J ML) = / £ Tauberbischofsheim
o f # i | | il { e b5, s e W g [
G | i — i = f g W . ’ ) JI = 3 ..-"-" \'. L o
\ B ( s haE -, |5 | \ . Walldiirn : i

: L " A ey il | X = ~ s T A
SPEICHERN IN DER MAHE EILEN N \ jor Bl IR . ¥ Fauda-Konigshofen /f
v ! 2 Pl h \\ WAl '..f:-.ln.l.'m.lm. i ! - ; /\_ ,,- )

| i
g A

[ . : ; y
1 .\7’ I i [l e s [ / .-"E_{\-' . F’:-Jd/'
\ [ | ) | v : ~Buchen i "
2 —_y e _,)I,-u 850 Mﬂ"f'ﬁf@ L )l i L2y ‘Mergentheim
i -.____\____.- il = , | T L - & £ |I - |I
*—Mmscr;lwutcrn“" — | A R e ]| e g R | 81 M
o | . . | Jiet | ' ) ! J y ! o \
7, - | i | T Fad by e, i ko b
:' ~ 1 N ! BT : ek i % X
o N A T cuserL 3 e R\
Bz 2 2 o ."'I MNelstadt'an | - - ! _--“ﬂ-fi'_-;'l--‘..- -‘_f I e . .\-\.
<> Photo Sphere B [} der Weins Trruh-" BVE, = i ”{i‘m L | /'/ \
i Ly S S —‘SPFW _,- ™ ."II ; | P ! g Sy
b k i ell WA R Bl ; q Kiinzelsau =
1 Y, / e - o | o

: v % Lot T .\\'\V . \ & el
Kurzinfo | L 55..____,;-‘ . e “f '\.ﬁ:_./-.-:'hli"l.’;.lni!ll'n Bad Rappenal { ﬁ:u el Erkund;
Heidelberg ist eine Grollstadt in Baden-Wirttemberg im
Sidwesten Deutschlands, unweit der Miindung des Neckars in
den Rhein. Wikipedia

.ﬁ ?” TF"-' H ;:ﬂ"'l.

Bevilkerung: 150.335 (2013) .
{-‘J Heidelbarg = r::.: Hnrdclberg = Hmdclha{g &1 Heidelberg

Flache: 108,8 km?
Ganritndat: 119/

armin.kalenka@med.uni-heidelberg.de


mailto:armin.kalenka@kkh-bergstrasse.de

Heidelberg University Hospital

Hospital
Bergstrafie

K

conflict of interest

consultant, travel expenses, lecture fees

GE Healthcare




eeeeeeeeeeeeeeeeeeeeeeeeeeee

Hos |tal
BergstraBe

What is your focus
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for a patient on the ventilator?

* Oxygenation
* CO; Elimination
* Lung protection
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Best practice in mechanical ventilation?

* Vi: 6 ml/kg pbw for all patients?

NEJM 2000

* PEEP: ARDS network table based on Oxygenation?

NEJM 2000 or NEJM 2004

* High PEEP: for severe ARDS

JAMA 2010

* Prone: for severe ARDS
NEJM 2013

* NMB: for severe ARDS

NEJM 2010

* No NIV for severe ARDS

AJRCCM 2017
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Intensive Care Med (2016) 42:787-789
DO 10.1007/500134-016-43004

WHAT'S NEW IN INTENSIVE CARE

@ CroggMark

What's new in mechanical ventilation
in patients without ARDS: lessons from the

ARDS literature

Ary Serpa Neto'? and Samir Jaber*

Intensive Care Med (2016) 42:772-774
DOI10.1007/s00134-016-4280-0

What’s new in ARDS: can we prevent it? e

Roy G. Brower' and Massimo Antonelli® ©

@ 2016 Springer-Verlag Berlin Heidelberg and ESICM




Heidelberg University Hospital

Hospital
Bergstrafie

K

ARDS and Sepsis

Sepsis
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ARDS and Sepsis
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ARDS and Sepsis
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How often is ARDS in severe sepsis?

40 -
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Development of ARDS (%)
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Lactate (mmol/L)

Shock; 2013:40: 375-382
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Fluids, Sepsis and ARDS

LIPS:
adult patients with one or
more ARDS risk factors

35% 1 through the Emergency
Department or admitted for
high-risk elective surgery.
~ 30% -
X
g 25% -
s 20% -
—
E 15 -
o
'g 10% -
ey —
s ._-
2to 4 4to6

Amount of Fluid in the first 6 hours (Liters)

Fig. 2 Frequency of acute respiratory distress syndrome (ARDS)
development according to amount of fluid administered during the
first 6 h of hospital presentation

Ann Intensive Care 2017; 7: 11 =
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* High PEEP: for severe ARDS

°* Prone: for severe AR
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Best practice in mechanical ventilation?

* Vi: 6 ml/kg pbw for all patients?

NEJM 2000

* PEEP: ARDS n

NEJM 2000 or N

n Oxygenation?

JAMA 2010

NEJM 2013

* NMB: for severe ARDS

* No NIV for severe A.

NEJM 2010

AJRCCM 2017
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Normalisation because of unknown
size of the ,baby“ lung

The NEW ENGLAND JOURNAL of MEDICINE

K

‘ SPECIAL ARTICLE ‘

Driving Pressure and Survival in the Acute
Respiratory Distress Syndrome

Marcelo B.P. Amato, M.D., Maureen O. Meade, M.D., Arthur S. Slutsky, M.D.,
Laurent Brochard, M.D., Eduardo L.V. Costa, M.D., David A. Schoenfeld, Ph.D.,
Thomas E. Stewart, M.D., Matthias Briel, M.D., Daniel Talmor, M.D., M.P.H.,
Alain Mercat, M.D., Jean-Christophe M. Richard, M.D.,
Carlos R.R. Carvalho, M.D., and Roy G. Brower, M.D.

Because respiratory-system compliance [ERE} is strongly related to the volume of
aerated remaining functional lung during disease (termed functional lung size),
we hypothesized that driving pressure (AP=V_/C, ), in which V. is intrinsically nor-
malized to functional lung size (instead of predicted lung size in healthy persons),

N Engl ] Med 2015;37 2:747-55.
DOI: 10.1056/NEJMsal410639
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tidal volume should not longer be the target!
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Oxygen Exposure Resulting in Arterial Oxygen
Tensions Above the Protocol Goal Was Associated
With Worse Clinical Outcomes in Acute Respiratory
Distress Syndrome

K

0.02,0.1 0.2,0.3 0.4,0.5 0.625,1 -
A seelll (Sl Weah R goal partial pressure of oxygen
0.50 - - In arterial blood range of 55-80 mm Hg
§°%” £0. of 0.5 = 0
© ; —
% po ° iU2 0 .
% 0.35 —
L=
2030 - ° o & Increasing deaths with higher oxygenation
8 | o in all groups of ARDS severity
E 0.25 . ®
0.20 - @
| | | | |
0 (0.1,0.2] (0.3,0.4] (0.5,0.625] (1,2.5]
Categories of cumulative FiO,-days in the first five days

Crit Care Med 2017; DOI: 10.1097/CCM.0000000000002886 15
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The New England
Journal of Medicine

© Copyright, 2000, by the Massachusetts Medical Society

VOLUME 342 May 4, 2000 NUMBER 18

VENTILATION WITH LOWER TIDAL VOLUMES AS COMPARED WITH
TRADITIONAL TIDAL VOLUMES FOR ACUTE LUNG INJURY
AND THE ACUTE RESPIRATORY DISTRESS SYNDROME

THE AcuTE RESPIRATORY DISTRESS SYNDROME NETWORK™

Mortality [%] pa0,/fio,
50 — | 190, % -
40 180-

30 170

20 160-

10 150 ]

0 0

6 ml-kg-" 12 ml-kg"

days

n = 861
6 ml-kg': n = 432
12 ml-kg': n = 429
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INJURY/PEEP 18

UNINJURY/PEEP 12
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alveolar stability is unrelated to arterial oxygenation
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INSEERATION Alveolar Stability Unrelated to Peripheral Oxygen Saturation

=+ POZ =S=|E

PEEP

- 0%
- 10%
2%
- 30%

I 40%

| 60%

- T70%

Andrews et al. Intensive Care Medicine Experimental (2015) 3:16

17
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Association Between Partial Pressure of Arterial
Carbon Dioxide and Survival to Hospital Discharge
Among Patients Diagnosed With Sepsis in the
Emergency Department

K

<35+

Odds Ratio to hospital discharge rise in CO; of 1 mmHg

46 - 551 o

with a 3% increase
Iin odds of survival

56 - 65

> 651

Partial Pressure of Arterial Carbon Dioxide (mmHg)

0 5 10 15 20
Odds Ratio*

Crit Care Med 2017; DOI: 10.1097/CCM.0000000000002918 18
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Standard therapy in
amargency departmant
in=133)

SIRS criteria and systolic

blood pressure =90 mm Hg

ar lactate =4 mmol/liter

L |

Assessment
and
consant

Randomization
(n=263}

Early goal-
directad tharapy
(=130}

CWVP =8-12 mm Hg

Vital signs, laboratory
data, cardiac monitoring,
pulse oximetry, urinary

cathaterization, artarial and
central venous catheterization

MAP =865 mm Hg

= Standard

Urine output
=0.5 ml/ka/hr

:J cara

CVP =8-12 mm Hg

Continuous
Scevl, monitoring
and
aarly goal-directed
tharapy for =6 hr

MAP =65 mm Hg

Urine output
=0.5 ml/kg/hr

Hospital

| admission

!

|

Vital signs and laboratory
data obtained every
12 hr for 72 hr

Did not
complete & hr
(n=14}

k

Fallow-up

Did not
completa 6 hr
{n=13)

Sevl, =70% —l

| Sal, =93%

Fel  Hematocrt =30%

- Cardiac index

= W0y

The Rivers protocol

1. stratify according to severity

2. measure relevant parameter

3. individualize therapy

20
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Nieman et al. intensive Care Medicine Experimental (2017) 5:8 Intensive Care MEdiClﬂE
DOI 10.1186/540635-017-012 1-x E pEfI mental
X

REVIEW Open Access

Personalizing mechanical ventilation @

according to physiologic parameters to
stabilize alveoli and minimize ventilator

induced lung injury (VILI)

Gary F. Nieman', Joshua Satalin'~"(®, Penny Andrews?, Hani Aiash’, Nader M. Habashi* and Louis A. Gatto®

Niemann et al Intensive Care
Expr. 2017; 5:8

21
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PEEP_ .

TIDAL INFLATION

1. End-expiratory lung volume (EELV) at a given PEEP

2. Transpulmonary pressure gradient

(Pplat' I:)oes/EI) - (PEEP - I:)eos/EE)

Cortes and Marini Critical Care 2013, 17:219

22
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baby lung size = EELV

Male 188 cm B Male 188 cm

End InspirafSry End Inspiratory

24
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Why oxygenation is not a good target

EELV vs p,0,/F,0,

il

= Pe
= 4 .. 1: 5
E Aor .
E i i
=} A ¥ -
13? ®
0 2000 4000 500D

EELV [ml]

Kalenka et al, unpublished data 25






Erwachsene

Wik

Messbedingungen

FRC INview PEEP INview

Pl g o J o e S A TNe °$ g
— EELV / FRC Nov 14:34

mil

e

Atemziige
20

Leckage-Kompens.

mm oo d e
i & 4 i1 @I

FiO2 ST O TR

Aktueller Modus

Bilevel-v 0 450 21 080 12

» Imin cmH20

CARESCAPE R860
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Tidal volume of 420 ml based on kg iBW at different FRC (EELV)

0,7

0,525
c
s 035
n

0,175 —

0 . . . .
0 650 1300 1950 2600 3250
EELV

dynamic strain = V1/EELV
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Intensive Care Med
DOI 10.1007/s00134-011-2403-1 ORIGINAL
Advian Gonralee1oper Lung strain and biological response
Emilio Garcia-Prieto . . . 5
Estefania Batalla-Solis in mechanically ventilated patients
Laura Amado-Rodriguez
Noelia Avello
Lluis Blanch
Guillermo M. Albaiceta
* *
10 ] Control : I I -
3 ALI-Strain<0.27 * . ; * :
o 5| ALI-Strain>0.27 3000 - ' 8000 -
i u o T
T 6 =, —~ 6000 -
. £ 2000 & e
E T D k=) i '
8 4 a n 8 4000 o ® {
E | % o
5 1000 -
Z 4. = : = 2000 - -
NIkl " = )
0 T | I | | T | - | = T T 0 T T T
@% G,:;'b a{.fh Q.}b- Q’P’Q Q’.bh Q?f‘l' Q??: Q(_,;- Q?;::. Qf‘gz Qﬁ"r.- Q..:fb Control Strainﬂﬂ.zi:mLiEitrainhD.ZT Control Stralnﬂﬂ.ZLLIStram}ﬂ.Z?

Strain

dynamic strain = V1/EELV
aim for dynamic strain < 0.25

29
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Assessing alveolar recruitment by EELV

Compliance=30 ml/cmH20
EELV= 1000 ml

Expected EELV increase:
30 * 10= 300 ml

No recruitment ... .
EELV= 1300 ml l l

Courtesy of Antonio Pesenti

30
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Lung Stress and Strain during Mechanical Ventilation
for Acute Respiratory Distress Syndrome

Davide Chiumello', Eleonora Carlesso?, Paolo Cadringher?, Pietro Caironi'-?2, Franco Valenza'?, Federico Polli?,
Federica Tallarini?, Paola Cozzi?, Massimo Cressoni?, Angelo Colombo!, John ]J. Marini®, and Luciano Gattinoni'-?

Am ] Respir Crit Care Med Vol 178. pp 346-355, 2008

Strain: ,the driving pressure”
V/EELV # V{/ml/iIKG

Stress:
IDTP # IDAW

Stress = k * Strain
k = Specific Elastance (E.s) = Stress/Strain
Specific Elastance = 13 - 15 cmH:O ¥

33
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Individualized titration of PEEP and V+

Pressure
Transducers

Amplifier

|
Analog to
Digital
Converter
[

Esophagus \ \

%

Esophagus

Computer

Diaphragm —

Ppulm. = Palv — Ppl ~ Poes

34
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optimize PEEP and V-

with measurement of esophageal pressure and

transpulmonary pressure gradient

1. PEEP > endexspiratory esophageal pressure
2. V1 .« = transpulmonary pressure gradient < 10 (20)

(Pplat' I:)oes/EI) - (PEEP - I:)eos/EE)

35
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male

172 cm

86 kg

EF 20%
respiratory
distress

high dose vasopressor
f0.0.9
SpOZ 88 %

Vr and PEEP ?

36
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n
25
tmH20
Leckoge % 0
AF

91 2 22

Iimin Imin

Fioz

414 0 91

vcoz

EtCO2
46;0 By 192

mifmin

Paux peak
26
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= wea@re|w
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90 400 22 1.0 20 8
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TmH20 omH20

Bilevel-VG
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EXPERTS’ OPINION

Friday night ventilation:
a safety starting tool kit for
mechanically ventilated patients

L. GATTINONI .2, E. CARLESSO 2, L. BRAZZI13.4, M. CRESSONI 2
S. ROSSEAU 5, §. KLUGE ¢, A. KALENKA7, M. BACHMANN 8, L. TOEPFER?®
H. WRIGGE 19, E. REDAELLI !}, C. VETTER 12, M. WYSOCKI 13

,Friday night” Minerva Anestesiologica 2014; 80: 1046

40



Set the ventilator:
*PEEP 10 emH-0
o I:E 1:1 or 1:2,
TV 6 ml/kg IBW
« RR 15 RPM.
Fi0), 0.6-0.8.

Piﬁ.—.}'_:.'lll_'lt:}:

assessment at 5
cmH-,0 PEEP

Possible
Control central Set the ventilator
venous blood gases =33
and Lactate for _: ﬁ
hemodynamic .
status

BiLevel-VG

ﬁ TV: 6 ml/kg IBW
(Worldwide accepted) T

Pplat ™V G

‘ < 30cmH,0 ml/kg

- ; =n ; IBW
Consider STRAIN

thresholds and normalize

TV on FRC (if e i
available) rather than SEVERE ARDS

[BW Measure ¢sophageal pressure

or bladder pressure
- decremental '
Moderate Recruitment SO

[s Cow

normal’

NO

Accept
Pplat
>30emH,0

YES
Reduce PEEPor TV or

accept Hypercapma
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Lung-Protective Ventilation Initiated in the
Emergency Department (LOV-ED):
A Quasi-Experimental, Before-After Trial

(n=490)  (n=490)
Primary composite outcome, No. (%) 71 (14.5) 36 (7.4)
ARDS 53 (10.8) 20 (4.1)
VACs a7 (1.6) 23 (4.T)
Secondary outcomes

Ventilator-free days 14.7 (11.7) 18.4 (10.4)
Hospital-free days 9.4 (9.5) 11.7 9.2)
ICU-free days 136 (111) 16.0 (9.9)
Mortality, No. (%) 167 (34.1) 96 (19.6)

Ann Emerg Med. 2017;70:406-418. *
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BILEVEL 34/18 mbar BILEVEL 42/32 mbar

VT 6,1 ml/kg VT 5,7 mi/kg
AF 18/min AF 18/min
FiO, 1.0 FiO, 0.4
P/F 67 mmHg P/F 244 mmHg
PCO, 78 mmHg PCO, 38 mmHg

@H ARI TE UNIVERSITATSMEDIZIN BERLIN
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